The product YkoN of the gene of unknown function, ykoN, of Bacillus subtilis Marburg has the pentapeptide lipase/esterase motif (Gly-X-Ser-X-Gly), and thus YkoN is expected to have a lipase or esterase activity. To characterize the expected enzyme activity the plasmid having a modified ykoN that include the sequence for His(x6) tag at its C-terminus of YkoN, which has 373 amino acid residues, was constructed. His-tagged YkoN protein of 39 kDa was induced in Escherichia coli BL21 (DE3) cells harboring chaperon plasmid pGro7 and purified to near homogeneity by using gel filtration and Ni-agarose. When p-nitrophenyl-esters of different fatty acid chain length were examined, the purified YkoN hydrolyzed the esters of fatty acid with short chain length (4-6 carbon atoms) preferentially. The esters of fatty acid with longer chain (C ≥ 10) were hydrolyzed inefficiently. The activity required no divalent cations and was not affected by addition of EDTA. The optimal pH for the activity was from pH 7.4 to pH 8.6. These results indicate that YkoN is a novel esterase which hydrolyzes the esters of fatty acid with short chain length.
Introduction
The membrane of B. subtilis Marburg contains many lipids, glucosylated diacylglycerates and glycerophospho-lipids, and hence its lipid composition is much more complex than that of E. coli which contains only three major glycerophospholipids. We are therefore curious to know why B. subtilis contains so many lipids and what their physiological roles might be.
In order to solve the problems we have started clarifying the pathways for biosynthesis of the lipids by identification of the genes involved 1, 2) . Homology search with the amino acid sequence of known enzymes for lipid synthesis has shown a lot of possible genes and has led us to build up an outline of the lipid biosynthesis in B. subtilis 3, 4, 5, 6) . Among these the amino acid sequence of the product (YkoN) of ykoN has a weak homology with that of ugtP (ypfP) that is responsible for the synthesis of glucosylated diacylglycerates in this organism 5, 7) , however, YkoN is found not to be involved in the synthesis of glucosylated diacylglycerates. The amino acid sequence of YkoN has a pentapeptide sequence (Gly-Gly-Ser-Met-Gly) that is compatible with the Gly/Ala-X-Ser-X-Gly motif of lipase/esterase as those shown among the microbial lipolytic enzymes, LipA, LipB, YtpA, and p-nitrobenzyl esterase (PnbA) of B. subtilis and lysophospholipase L2 (PldB) and Aes of E. coli [8] [9] [10] [11] [12] [13] [14] . We have purified His- Tagged YkoN and have shown that YkoN has an esterase activity. This paper describes the characterization of the esterase activity of YkoN.
Materials and Methods

Bacterial strains and plasmids
Wild type B. subtilis Marburg was our laboratory stock and was used for preparation of chromosomal DNA. The pMutin integration strains for determination of ykoN-and ytpA-promoter activity were constructed according to the standard protocol 15) . Strains of pMutin-integration of lipA and lipB were kindly provided by Y. Sadaie. Plasmid pET-21(+) and chaperone plasmid pGro7 16) were from
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Novagen and Takara, respectively. E. coli BL21(DE3) was used as the host for expression of YkoN. Cultivation of E. coli cells and purification of the enzyme E. coli BL21(DE3) cells harboring pET-ykoN and pGro7 were cultivated in 500 ml of Luria-Bertani (LB) medium containing 20 μg/ml chloramphenicol and 200 μg/ml ampicillin at 30ºC. At middle logarithmic growth phase, IPTG (isopropyl-β-D-thio-galactopyranoside) was added to a final concentration of 10 μM, and incubated at 30ºC for three hours. The cells were harvested by centrifugation (5,800 ×g for 20 min at 4ºC) and suspended in 100 mM Tris-HCl buffer (pH 8.0). They were treated with lysozyme (10 mg/ml) at 0ºC for 60 min and disrupted by sonic disintegration at 0ºC at 50% output (Branson sonifier, cell disruptor 200). Disrupted cell preparation was centrifuged (5,800 ×g for 20 min at 4ºC) to discard cell debris and the resulting cleared lysate was subjected to ammonium sulfate precipitation (80% saturation). The precipitate was dissolved in 2.5 ml of elution buffer [100 mM Tris-HCl (pH 8.0) containing 1 M NaCl] and subjected to gel filtration chromatography, using a column (3×100 cm) of Bio-Gel P-100 (Bio-Rad) equilibrated with the elution buffer. Fractions containing esterase activity was collected and applied to Ni-NTA agarose (Qiagen). 
Cloning of ykoN into pET-21(+) vector
Results and Discussion
Lipase/esterase consensus motif of YkoN To find out the genes involved in lipid metabolism in B. subtilis, we have conducted a search for genes involved in lipid synthesis by screening of those which have homology with amino acid sequence of known enzymes of lipid synthesis. Among these the amino acid sequence (373 residues) of the product (YkoN) of ykoN of unknown function, was found to have a slight homology (23.9%) with that of ugtP (ypfP) that is responsible for the synthesis of glucosylated diacylglycerates in this organism 5, 7) . In spite of the homology and its assignment to a possible glucosyltransferase in Subtilist (http:// genolist.pasteur.fr/Subtilist) and BSORF (http://bacillus.genome.jp) data bases, disruption of ykoN with pMutin vector did not change the content of glucosylated diacylglycerides in the lipid fraction and the content of glucosylated diacylglycerides depended solely on ugtP (data not shown). The results suggested that ykoN is not involved in the glucosylated diacylglycerides metabolismbut that it is involved in other function. Deep inspection of the amino acid sequence of YkoN revealed a pentapeptide sequence (Gly-Gly-Ser-Met-Gly) that is compatible with the Gly/Ala-X-Ser-X-Gly motif of lipase/esterase flanked with four hydrophobic residues (Ile-Ile-Ile-Thr) on the N-terminal side of the motif Amino acid sequences aligned are YkoN (BSORF), LipA (BSORF), LipB 10) , YtpA 11) and PnbA/EstB 12) from B. subtilis, and PldB 13) and Aes 14) from E. coli.
( Table 1) as those shown among the microbial lipolytic enzymes, LipA, LipB, YtpA, and PnbA of B. subtilis, and PldB and Aes of E. coli [8] [9] [10] [11] [12] [13] [14] . This suggests that YkoN has a lipolytic activity, though overall homology of YkoN with those of the lipase/esterase is not significant. The pMutin disruption of ykoN, however, showed no apparent change in growth or lipid composition of the membranes. The gene was not induced with inducers of lipase/esterase, including olive oil, tributyrin, triolein, and several fatty acids as monitored by the activity of promoter fusion ykoN-lacZ in the pMutin disruptant on the LB plates containing 40 μg/ml 5-bromo-4-chloro-3-indolyl-β-galactoside. This phenomenon is different from those of the promoter activities of lipA, lipB and ytpA, which were induced with these inducers in the same conditions (data not shown).
Purification of YkoN
To examine whether YkoN has a lipolytic activity, ykoN was cloned under T7 promoter of pET-21(+) plasmid using HindIII and XhoI sequences in the multicloning site to express YkoN His-tagged at its C-terminus (the plasmid constructed was named pET-ykoN). This product expressed after induction of BL21(DE3) cells showed an apparent molecular mass of 39 kDa (Fig. 1, lane b) corresponding to the calculated molecular mass (43,322) of YkoN plus six histidine residues. It had a strong tendency to form insoluble precipitates during the purification procedure. We thus introduced chaperon plasmid pGro7 that expresses GroES and GroEL into BL21(DE3) cells to increase yield of soluble fraction of the expressed His-tagged YkoN. The BL21(DE3) cells harboring pET-ykoN and pGro7 were cultivated in LB medium at 30°C (in the presence of 0.2% L-arabinose to induce the chaperon) and at three hours after induction with an addition of IPTG (10 μM) the cells were harvested. The harvested cells were treated with 10 mg/ml lysozyme at 0°C for 60 min and subjected to sonic disruption. The disrupted cell preparation was centrifuged (5,800 ×g for 20 min at 4°C) to remove cell debris and the resulting cleared lysate was subjected to ammonium sulfate precipitation followed by gel filtration through Bio-Gel P-100 column. The peak fractions containing the 39 kDa-protein (Fig. 1, lane d) were collected and subjected to affinity purification with Ni-NTA agarose. After washing with 20 mM imidazole, 39 kDa-protein was eluted with 250 mM imidazole. The step of the affinity purification was carried out once more. By this purification procedure highly purified and nearly homogeneous preparation of His-tagged YkoN was obtained (Fig.1, lane e) .
Characterization of YkoN
The esterase activity of YkoN was then examined using p-nitrophenyl esters of fatty acids. Firstly, preference of substrate chain length on the rate of hydrolysis was examined. YkoN hydrolyzed the esters of fatty acid with short chain length, propionate (C 3 ), butyrate (C 4 ), valerate (C 5 ), and caproate (C 6 ), preferentially; valerate (C 5 ) was preferred to the other short chain esters ( Table  2) . Esters of fatty acids with longer chain, caprate (C 10 ), laurate (C 12 ), myristate (C 14 ), palmitate (C 16 ), and stearate (C 18 ), were hydrolyzed inefficiently. This result indicates that YkoN is designated as an esterase, which hydrolyses esters of short chain carboxylic acids (C ≤12), rather than as a lipase, which displays maximum activity toward water-insoluble long-chain (C ≥12) acylglycerides according to the current definition 10, 17, 18, 19) .
The catalytic specificity of YkoN is thus different from those of known B. subtilis lipase/esterase, LipB and LipA. LipB esterase preferentially hydrolyzes p-nitrophenyl esters of chain length from C 8 to C 14 , and LipA esterase hydrolyzes these esters with almost no preference for chain length 9, 10) . YtpA, a lysophospholipase, hydrolyzes 2-sn-acyl bond of dimyristoylphosphatidylcholine 11) . The catalytic speci-ficity of YkoN is thus different from that of this lyso-phospholipase.
Optimal pH for the hydrolysis of the p-nitrophenylester was pH 7.4 -8.6 when Tris-HCl buffer was used in the reaction mixture (Fig. 2) . In phosphate buffer (pH 6.4-7.8) it showed maximal activity at pH 7.4, and in glycine-NaOH buffer (pH 8.6-10) it showed maximal activity at pH 9. YkoN esterase was stable after incubation at 50°C for 24 hr at pH 7.4 (Tris-HCl buffer) (data not shown).
The activity of YkoN was not affected by addition of divalent cations, calcium and magnesium (from 5, 20, to 50 mM) ( Table 3) . Addition of manganese ion at high concentrations, 50 or 100 mM, to the reaction mixture reduced the activity to 79% and 58%, respectively. By adding zinc ion, 2, 5, or 20 mM to the reaction mixture the activity was largely reduced to 62%, 44%, and 25%, respectively. The esterase activity was not inhibited by addition of EDTA (5, 10 or 20 mM). The results indicate that YkoN requires no divalent cation for the activity. YkoN is thus different from lipases which depend on calcium ion for their activity 8, 10, 20) . Addition of monovalent ions, either sodium or potassium chloride, from 2 mM to 100 mM, did not affect the activity of YkoN (data not shown). The activity of purified YkoN was determined in the standard assay conditions using p-nitrophenylesters of fatty acid with different chain length.
Fig. 2. Effect of pH on activity of purified YkoN.
The activity of purified YkoN was assayed at different pH values at 30ºC for 10 min. Na-phosphate buffer (♦), Tris-HCl buffer (■), or glycine-NaOH buffer (▲) indicated was used in place of the buffer (10 mM Tris-HCl pH7.4) of the standard assay conditions. Table 3 . Effect of divalent cations and EDTA on activity of purified YkoN.
The activity of purified YkoN was determined in the standard assay conditions in the presence of various divalent cations or EDTA.
Thus, YkoN is shown to be a novel B. subtilis esterase which preferentially cleaves p-nitrophenylesters of fatty acid with short chain length at neutral pH with no requirement for divalent cations, different from the known B. subtilis extracellular LipB which preferentially hydrolyzes the esters of medium chain length of C 8 -C 14 at pH11 and LipA with no preference for the fatty acid chain length 8, 9, 10) . What is the role of this novel esterase YkoN in B. subtilis cells? Prediction with Psort program (http://psort.nibb.ac.jp) suggests that it is localized on the membrane due to the short hydrophobic residue stretch (ten residues) at its N-terminal, though it is suggested to be a soluble protein by Sosui program (http://bp.nuap.nagoya-u.ac.jp/sosui). Hence, YkoN is probably localized on the membranes and it would have an unknown function of cleaving some esters on the membrane.
